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ABSORPTION FROM FINITE-SIZED 









2. Modeling for finite-sized sample in duct
3. Normal incidence absorption measurement
4. Validation of duct model
5. Free space finite-sized flexible sample 
modeling with arbitrary incidence angles

















⚫ Advantage over fibrous material
⚫ stiffness (self supporting), robust, weatherproof
⚫ Energy dissipates when air travels through small holes   
⚫ d=0.1~0.9 mm, t=0.1~2 mm, N=1000~1e6
Objectives
⚫ Build models to predict the performance of 
micro-perforated samples in various conditions 
and validate the models with measurements
⚫ Finite-sized sample in duct with normal incidence 
wave
































































































































d: diameter of hole 
η: viscosity of air (17.9e-6)
σ: porosity
t: hole depth
LB: depth of backing space
Transfer Impedance
Normal incidence  
Absorption coefficient
The panel is assumed to be rigid
LB
2. Modeling for normal incidence wave in duct



























Rt and δ are used in finite-sized models
Equations of motion and 
velocity conditions















































Force equilibrium at x=0
pI: Pressure at source side
pII: Pressure behind the panel
ds: Displacement of solid part
df: Displacement of fluid part



















































2. Modeling for normal incidence wave in duct






































Sound pressure in each region
Only symmetric modes exist
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2. Modeling for normal incidence wave in duct


















































































































































































2. Modeling for normal incidence wave in duct
Building a matrix from BC’s 
Solve for B00 and C00
B00: reflection coefficient 
C00 : transmission coefficient



















































































































1. Sound pressures 2. Measuring transfer function



























3. Normal incidence absorption measurement
Measurement of Plexiglass samples









Sample 1 0.254 1.588 1.584 722500
Sample 2 0.2667 1.588 1.627 291600
Sample 3 0.4064 1.588 1.631 160000
3. Normal incidence absorption measurement
Comparison between predictions and 
measurements



























































































Good agreement is 
shown between 
measurements and 
predictions by using 
adjusted hole size 
4. Validation of duct model
Flexural stiffness effect























Depending on the flexural 
stiffness, the absorption 
performance can be enhanced 
















1, 0.6, 0.4, 0.3, 0.2, 0.1, 
0.01, 0.0001
















































































































































































































































Sound pressure in each region




















Comparison between segmented and 
unsegmented backings

































































































LB=4 cm LB=4 cm




























Random incidence absorption 
coefficient measurement method
Time required for 60 dB decay of
Sound Pressure Level from 110 dB
is estimated by recording decay of
















Absorption of a 
sample
V: volume of room   
dr: decay time     c: 
speed of sound  
A2: Absorption with the sample  A1: 
Absorption without the sample  S: 
surface area of the sample
6. Random incidence absorption measurement







backing with 1” 
backing space
unsegmented 








6. Random incidence absorption measurement
Random incidence absorption 
coefficient measurement results
• When 2” backing is used, 
higher absorption at low 
frequency is shown for all cases
•Segmented backing conditions 
provide higher absorption than 
Unsegmented backing condition
•When 2” backing depth is used 
with larger cell (6”x6”), higher 
absorption was found than 
smaller cell (3”x3”)
Flexural resonance of 6”x6” cell 
increases the absorption

















6. Random incidence absorption measurement
Effect of stiffness with segmented 
backing









































































As the stiffness increases, natural frequency increases and large 
fluctuation is found.
5. Free-space model
Effect of cell size with segmented 
backing








































































Sample length=3.175 cm Sample length=6.35 cm Sample length=12.7 cm 
-Increasing the cell size makes similar effect to reducing the flexural 
stiffness
-When sample size is 12.7 cm, absorption coefficient level increases 
by flexural resonances. 
5. Free-space model
Displacement of solid and fluid parts with 









⚫ Found that flexural vibration of finite micro-perforated panels can 
enhance low frequency absorption 
⚫ Developed initial model that accounts for main features of flexural 
resonances and their interaction with viscous dissipation in holes
⚫ Developed models to calculate absorption coefficient of infinite 
array of micro-perforated panel with segmented and unsegmented 
backings for arbitrary incidence angles
⚫ Found that segmented backing provides higher absorption at low 
frequency with inclined incidence wave
⚫ Verified this results with random incidence absorption coefficient 
measurement
Thank you!
